(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 811 139 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: F02D 29/00 (2006.0%) F02D 45/00 (2006.01)

(21)

(22)

08.05.2019 Bulletin 2019/19
Application number: 13743737.2

Date of filing: 04.02.2013

(86) International application number:

PCT/JP2013/052510

(87) International publication number:

WO 2013/115399 (08.08.2013 Gazette 2013/32)

(54)

ENGINE CONTROL DEVICE FOR WORK VEHICLE
MOTORSTEUERUNGSVORRICHTUNG FUR EIN NUTZFAHRZEUG
DISPOSITIF DE COMMANDE DE MOTEUR POUR VEHICULE DE TRAVAIL

(84)

(30)

(43)

Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 03.02.2012 JP 2012021749

Date of publication of application:
10.12.2014 Bulletin 2014/50

« TANAKA, Tetsuji
Tsuchiura-shi
Ibaraki 300-0013 (JP)

¢ KIKUCHI, Keigo
Tsuchiura-shi
Ibaraki 300-0013 (JP)

(74) Representative: MERH-IP Matias Erny Reichl

Hoffmann
Patentanwalte PartG mbB

EP 2 811 139 B1

(73) Proprietor: KCM Corporation Paul-Heyse-Strasse 29
Hyogo 675-1113 (JP) 80336 Miinchen (DE)
(72) Inventors: (56) References cited:
* HYODO, Koji EP-A1-2 395 219 EP-A2- 2 065 243

Ibaraki 300-0013 (JP)
¢ AOKI, Isamu
Ibaraki 300-0013 (JP)

JP-A- 2003 013 773
JP-A- 2009 074 266
JP-A- 2011 122 706
US-A1- 2009 062 063

JP-A- 2008 223 695
JP-A- 2009 196 393
US-A1- 2007 073 466

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 811 139 B1 2

Description
TECHNICAL FIELD

[0001] The present invention is related to an engine
control device for a work vehicle, such as a wheel loader.

BACKGROUND ART

[0002] An engine control device for a work vehicle,
such as a wheel loader, is known (see Patent Literature
1). The engine control device receives first information
indicating that an accelerator operation amount has be-
come less than a predetermined low operation amount
dueto, forinstance, returning operation at the accelerator
pedal and second information indicating that a for-
ward/reverse switching over signal has been supplied to
a torque transmission unit, and, upon receiving both the
first information and the second information, outputs a
signal for supplying fuel, quantity of which is greater than
a quantity of fuel corresponding to the accelerator oper-
ation amount, to an engine. In US 2009/062063 A1, a
vehicle comprising an internal combustion engine as well
as two synchronous motor generators is described. At
the time of a Hi-to-Lo speed change of a transmission in
an accelerator off state or in a low acceleration state with
the driver’s slight depression of an accelerator pedal, the
engine is controlled to be driven at a rotation speed of
not lower than a speed change-time minimum rotation
speed that is higher than an idling speed.

CITATION LIST
PATENT LITERATURE

[0003] PATENTLITERATURE 1:Japanese Laid Open
Patent Publication No. 2003-13773

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] An example of excavation work performed by
the wheel loader is as follows.

(1) Anoperator operates aforward/reverse switching
over switch to a forward position and depresses an
accelerator pedal so that the wheel loader advances
toward a mound of soil and dirt and digs a bucket
into the mound.

(2) The operator operates control levers, such as an
arm control lever and a bucket control lever, so as
to take soil or the like into the bucket.

[0005] Inthe excavation work with the wheel loader, in
order tofill the bucket with the soil or the like, the operator
may release and depress the accelerator pedal alternate-
ly with the bucket dug into the mound while operating the
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control levers, such as the arm control lever and the buck-
et control lever. In the engine control device described
in Patent Literature 1, the engine stall is prevented by
increasing a rotation speed to be higher than a rotation
speed corresponding to the accelerator operation
amount when the forward/reverse switching operation is
performed. Therefore, in the wheel loader equipped with
the engine control device described in Patent Literature
1, when the accelerator pedal is eased off while the buck-
et is dug into the mound, the engine rotation speed will
be controlled to be a rotation speed based on the accel-
erator operation amount.

[0006] In the wheel loader equipped with the engine
control device described in Patent Literature 1, the en-
gine output torque may become insufficient to drive a
front work device when operating the control levers, such
as the arm control lever and the bucket control lever, after
easing off on the accelerator pedal with the bucket dug
into the mound, and as aresult, the engine may be stalled.
[0007] Moreover, in the wheel loader equipped with
the engine control device described in Patent Literature
1, the engine output torque decreases if the accelerator
pedal is operated in a release direction while traveling
an uphill. In such a case, if the load, which is caused by
its own weight and applied to the engine via wheels and
a torque converter, exceeds the engine output torque,
the engine may be stalled.

SOLUTION TO PROBLEM

[0008] To solve the above described problem the fea-
tures of the independent claim are suggested. Further
preferred developments are described in the dependent
claims.

[0009] According to afirstaspectan engine control de-
vice for work vehicle comprises: a target rotation speed
setting unit that sets a target rotation speed of an engine
corresponding to an operation amount of an accelerator
pedal; arotation speed control unit that controls a rotation
speed of the engine according to the target rotation
speed; a travel driving unit that transmits rotation of the
engine to wheels via a torque converter; a speed ratio
detection unit that detects a speed ratio between an input
shaft and an output shaft of the torque converter; and a
target rotation speed correction unit that corrects the tar-
getrotation speed set by the target rotation speed setting
unit so as to increase the target rotation speed based on
the speed ratio when the operation amount of the accel-
erator pedal is smaller than a predetermined value and
the speed ratio detected by the speed ratio detection unit
is smaller than a predetermined value within a range
which is equal to or greater than 0 and less than 1.
[0010] According to a second aspect, in the engine
control device for work vehicle according to the first as-
pect, it is preferable that the target rotation speed cor-
rection unit increases an increase amount for increasing
the targetrotation speed with decrease in the speed ratio.
[0011] According to athird aspect of the presentinven-
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tion, in the engine control device for work vehicle accord-
ing to the first or second aspect, it is preferable that when
the target rotation speed is corrected by the target rota-
tion speed correction unit, the rotation speed control unit
gradually increases the rotation speed of the engine to-
ward the target rotation speed corrected by the target
rotation speed correction unit; and when the target rota-
tion speed setting unitagain sets the targetrotation speed
that is not corrected and corresponds to the operation
amount of the accelerator pedal after the target rotation
speed was corrected by the target rotation speed correc-
tion unit, the rotation speed control unit immediately de-
creases the rotation speed of the engine to the target
rotation speed set by the target rotation speed setting
unit.

[0012] According to a fourth aspect of present inven-
tion, in the engine control device for work vehicle accord-
ing to any one of the first to third aspects, it is preferable
to further include an operation detection unit that detects
that a front work device has been operated, wherein: the
target rotation speed correction unit corrects the target
rotation speed set by the target rotation speed setting
unit so as to increase the target rotation speed based on
the speed ratio, taking into account operation of the front
work device detected by the operation detection unit.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0013] According to the present invention, the front
work device can be engaged in operation without stalling
the engine even when the control lever is operated after
the accelerator pedal is eased off while the bucket is dug
into the mound. Furthermore, the engine stall can be pre-
vented even when the accelerator pedal is eased off while
traveling an uphill.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a side view of a wheel loader that is an
example of a work vehicle according to a first em-
bodiment of the present invention.

FIG. 2 shows a schematic diagram of a control sys-
tem of the wheel loader equipped with an engine
control device according to the first embodiment of
present invention.

FIG. 3 shows relationship between lever operation
amount of a control lever and pilot pressure.

FIG. 4 shows relationship between pedal operation
amount of an accelerator pedal and target engine
rotation speed.

FIG. 5 is an illustration that shows V-shape loading,
which is one of the methods to load soil or the like
onto a dump truck.

FIG. 6 illustrates excavation work with the wheel
loader.

FIG. 7 shows relationship between torque converter
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speed ratio and increase amount in rotation speed.
FIG. 8 shows relationship between the pedal oper-
ation amount of the accelerator pedal and the target
engine rotation speed.

FIG. 9 is a travel performance diagram (torque dia-
gram) representing relation between the engine ro-
tation speed and torque.

FIG. 10 shows relationship between vehicle creep
speed and travel driving force.

FIG. 11 is a flowchart that shows operation of engine
rotation speed increase correction process in the en-
gine control device according to the firstembodiment
of the present invention.

FIG. 12 shows a schematic diagram of a control sys-
tem of the wheel loader equipped with the engine
control device according to a second embodiment
of the present invention.

FIG. 13 shows relationship between lever operation
amount of the control lever and pilot pressure.

FIG. 14 is a flowchart that shows operation of engine
rotation speed increase correction process in the en-
gine control device according to the second embod-
iment of the present invention.

FIG. 15 shows characteristics of rotation speed in-
crease amount to torque converter speed ratio
stored in ROM or RAM in a controller of an engine
control device according to a third embodiment of
the present invention.

FIG. 16 shows relationship between the pedal oper-
ation amount of the accelerator pedal and the target
engine rotation speed.

FIG. 17 is a travel performance diagram (torque di-
agram) representing relation between the engine ro-
tation speed and torque.

FIG, 18 shows relationship between vehicle creep
speed and travel driving force.

FIG. 19 shows time charts illustrating operation for
stopping the wheel loader, equipped with the engine
control device according to a fourth embodiment of
the present invention, that is creeping and operation
for creep starting the vehicle that is in the stopped
state.

FIG. 20 shows a comparison example to FIG. 19.

DESCRIPTION OF EMBODIMENTS
FIRST EMBODIMENT

[0015] An embodiment of an engine control device for
awork vehicle according to the present invention will now
be explained with reference to drawings. FIG. 1 is a side
view of a wheel loader 100 that is an example of a work
vehicle according to a first embodiment of the present
invention. A wheel loader 100 includes a front body 110
that includes an arm 111, a bucket 112, wheels 113 and
the like and a rear body 120 that includes an operator’s
cab 121, an engine compartment 122, wheels 123 and
the like.
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[0016] A lift arm (hereafter referred to simply as the
"arm") 111 is attached to the front body 110 so as to be
vertically rotatable and is rotated via drive of an arm cyl-
inder 117. The bucket 112 is attached at a front end of
the arm 111 so as to be rotatable frontward and backward
relative to the arm 111 and is rotated via drive of a bucket
cylinder 115. The front body 110 and the rear body 120
are rotatably connected with each other by a center pin
101 and the frontbody 110 turns right and left with respect
to the rear body 120 by extension or retraction of a steer-
ing cylinder (not shown).

[0017] FIG. 2 shows a schematic diagram of a control
system of the wheel loader equipped with the engine con-
trol device according to the first embodiment of the
present invention. An input shaft of a torque converter 2
is coupled to an output shaft of an engine 1, and an output
shaft of the torque converter 2 is coupled to a transmis-
sion 3. The torque converter 2 is a well-known fluid clutch
thatis constituted with animpeller, a turbine, and a stator,
and rotation of the engine 1 is transmitted to the trans-
mission 3 through the torque converter 2. The transmis-
sion 3 includes a hydraulic clutch that shifts the speed
stage to one of first speed through fourth speed, and a
rotation speed of the output shaft of the torque converter
2 is changed via the transmission 3. Rotation after the
speed change is transmitted to the wheels 113 and 123
through a propeller shaft 4 and axles 5, and thus the
wheel loader 100 travels.

[0018] A variable displacement hydraulic pump 11 for
work is driven by the engine 1 and discharges pressure
oil. The discharged oil from the hydraulic pump 11 is guid-
ed to a work actuator 30 via a control valve 21, and thus,
the work actuator 30 is driven. The control valve 21 is
operated by a control lever 31, and controls the flow of
the pressure oil from the hydraulic pump 11 to the actu-
ator 30. In FIG. 2, the control lever 31 represents an arm
control lever or a bucket control lever, the actuator 30
represents the arm cylinder 117 or the bucket cylinder
115, and the control valve 21 represents an arm control
valve or a bucket control valve, for the sake of simplicity.
When assuming that the control lever 31 is the arm con-
trol lever, the actuator 30 corresponds to the arm cylinder
117 and the control valve 21 corresponds to the arm con-
trol valve. When assuming that the control lever 31 is the
bucket control lever, the actuator 30 corresponds to the
bucket cylinder 115 and the control valve 21 corresponds
to the bucket control valve.

[0019] The displacement of the pump is changed by a
well-known regulator (not shown). The regulator changes
the pump displacement according to the pump discharge
pressure so as, for instance, to perform a fixed torque
control for setting a work torque to be constant. It is to
be noted that a fixed displacement pump, such as a gear
pump or the like, may be employed as the hydraulic pump
11.

[0020] The arm control lever corresponding to the con-
trol lever 31 is an operating member for operating the
arm 111 and outputs a command for raising/lowering the
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arm 111. FIG. 3 shows relationship between a lever op-
eration amount L of the control lever 31 and a pilot pres-
sure p. The arm control lever is a hydraulic pilot type
operating lever that outputs a pilot pressure p according
to a lever operation amount L as shown in FIG. 3. The
pilot pressure p does not increase when the lever oper-
ation amount L is less than a minimum lever operation
amount La, and the pilot pressure p is increased to pa
when the lever operation amount L becomes the mini-
mum lever operation amount La.

[0021] The control valve 21 (the arm control valve) is
controlled to be switched over when the pilot pressure is
equal to or greater than pa, taking into account the dead
band of the arm control lever. A pilot pressure pb is a
pressure value corresponding to a maximum lever oper-
ation amount Lb of the arm control lever. The pilot pres-
sure p increases in proportion to the lever operation
amount L if the lever operation amount L is within a range
between the minimum lever operation amount La and
the maximum lever operation amount Lb. Itis to be noted
that the bucket control lever is also a hydraulic pilot type
operating lever, similar to the arm control lever, that out-
puts a command for tilting/dumping the bucket 112.
[0022] The torque converter 2 has a function to in-
crease output torque with respect to input torque, i.e., a
function to make a torque ratio 1 or greater. The torque
ratio decreases with increase in a torque converter speed
ratio e (= output rotation speed No/input rotation speed
Ni), which is a ratio of a rotation speed No of the output
shaft to a rotation speed Ni of the input shaft of the torque
converter 2. Forexample, if atravel load increases during
traveling at a constant engine rotation speed, the rotation
speed No of the output shaft 22 of the torque converter
2 decreases, i.e., the vehicle speed decreases and the
torque converter speed ratio e is reduced. Since, at the
same time, the torque ratio increases, the vehicle can
travel with a greater driving force for travelling (i.e. trac-
tion force). It is to be noted that the torque converter
speed ratio e shows a positive value when a rotation di-
rection of the input shaft of the torque converter 2 is the
same as that of the output shaft of the torque converter,
whereas the torque converter speed ratio e is a negative
value when the rotation directions of the input shaft and
the output shaft are different from one another. There-
fore, the speed ratio e shows a negative value when the
vehicle travels in a direction opposite to a direction in-
structed through a forward/reverse switching over switch
17 (when traveling in an opposite direction). It is to be
noted that the speed ratio e becomes equal to or greater
than 1 when an accelerator pedal 52 is eased off while
traveling on level ground or when the vehicle travels
downhill without requiring a driving force.

[0023] A controller 10 is configured to include an arith-
metic processing unit that includes a CPU, a ROM, a
RAM, other peripheral circuits, and the like. Signals from
a rotation speed detector 14 that detects the rotation
speed Ni of the input shaft of the torque converter 2, a
rotation speed detector 15 that detects the rotation speed
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No of the output shaft of the torque converter 2, and a
shift switch 18 that indicates an upper limit of the speed
stage among the first speed through the fourth speed are
input to the controller 10.

[0024] The controller 10 calculates the torque convert-
er speed ratio e (= the output rotation speed No/the input
rotation speed Ni) based on the rotation speed Ni of the
input shaft of the torque converter 2 detected by the ro-
tation speed detector 14 and the rotation speed No of
the output shaft of the torque converter 2 detected by the
rotation speed detector 15.

[0025] The controller 10 is connected with an acceler-
ator operation amount detector 52a that detects a pedal
operation amount S of the accelerator pedal 52, and an
engine rotation speed sensor 13 that detects an actual
rotation speed Na of the engine 1 and outputs an actual
rotation speed signal to the controller 10.

[0026] The controller 10 includes a target rotation
speed setting unit 10a, embodied as a functional unit,
that sets a target engine rotation speed Nt of the engine
1 depending on the pedal operation amount S of the ac-
celerator pedal 52 detected by the accelerator operation
amount detector 52a. The controller 10 outputs a control
signal corresponding to the target engine rotation speed
Nt set by the target rotation speed setting unit 10a to an
engine controller 9 so as to control the actual rotation
speed (number of rotations) of the engine 1. FIG. 4 shows
relationship between the pedal operation amount S of
the accelerator pedal 52 and the target engine rotation
speed Nt. The target engine rotation speed Nt increases
as the pedal operation amount S of the accelerator pedal
52 increases, and the target engine rotation speed Nt
becomes a rated rotation speed Nmax (for example,
2000 rpm) when the accelerator pedal is depressed to a
full extent.

[0027] The controller 10 outputs the control signal cor-
responding to this target engine rotation speed Nt to the
engine controller 9 so as to control the actual rotation
speed Na of the engine 1 to the target engine rotation
speed Nt. When the operator wishes to increase the ve-
hicle speed or travel driving force, he/she increases the
pedal operation amount S of the accelerator pedal 52 so
as to raise the engine rotation speed.

[0028] The engine controller 9 compares the actual ro-
tation speed Na of the engine 1 detected by the engine
rotation speed sensor 13 with the target engine rotation
speed Nt input from the controller 10 and controls a fuel
injection system (not shown) so as to bring the actual
rotation speed Na of the engine 1 close to the target en-
gine rotation speed Nt.

[0029] The controller 10 determines whether or not the
pedal operation amount S from the accelerator operation
amountdetector 52a is smallerthan a predetermined val-
ue Sa. The predetermined value Sa is set as a threshold
value that indicates the accelerator pedal 52 is hardly
stepped on, and is stored in advance in the ROM or RAM
in the controller 10.

[0030] AsshowninFIG. 2, the controller 10 is connect-
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ed with the forward/reverse switching over switch 17 that
instructs the forward travel or the reverse travel for the
vehicle and the controller 10 detects an operating posi-
tion (forward (F)/ neutral (N)/ reverse (R)) of the for-
ward/reverse switching over switch 17. The controller 10
outputs to a transmission solenoid control unit 20 a con-
trol signal for engaging a forward clutch (not shown) in
the transmission 3 when the forward/reverse switching
over switch 17 is switched to the forward (F) position.
The controller 10 outputs to the transmission solenoid
control unit 20 a control signal for engaging a reverse
clutch (not shown) in the transmission 3 when the for-
ward/reverse switching over switch 17 is switched to the
reverse (R) position.

[0031] Inthe transmission solenoid control unit 20, up-
on receiving the control signal for engaging the forward
clutch or the reverse clutch (not shown), a clutch control
valve (not shown) provided in the transmission solenoid
control unit 20 increases clutch pressure for operating
the forward clutch or the reverse clutch (not shown). As
a result, the forward clutch or the reverse clutch (not
shown) is engaged, and thus a travel direction of the work
vehicle is switched to the forward direction or to the re-
verse direction.

[0032] When the forward/reverse switching over
switch 17 is switched to the neutral (N) position, the con-
troller 10 outputs to the transmission solenoid control unit
20 a control signal for releasing the forward clutch and
the reverse clutch (not shown). In the transmission con-
trol device 20, upon receiving the control signal for re-
leasing the forward clutch and the reverse clutch (not
shown), the clutch control valve (not shown) provided in
the transmission solenoid control unit 20 reduces the
clutch pressure for operating the forward clutch and the
reverse clutch (not shown). As aresult, the forward clutch
and the reverse clutch are released and the transmission
3 enters into the neutral state.

[0033] FIG.5isanillustrationthatshows V-shape load-
ing, which is one of the methods to load soil or the like
onto a dump truck. In the V-shape loading, firstly, as in-
dicated by an arrow a, the wheel loader 100 moves for-
ward and scoops soil or the like.

[0034] FIG.6illustrates excavation work with the wheel
loader 100. In the work for scooping soil or the like with
the wheel loader 100, that is, excavation work, generally
as shown in FIG. 6, the bucket 112 is dug into a mound
130 of the soil or the like, and then the arm 111 is raised
after operating the bucket 112 or the bucket 112 and the
arm 111 are operated simultaneously and finally the arm
111 only is raised.

[0035] The wheelloader 100 is once moved backward
as indicated by an arrow b in FIG. 5 when the excavation
work ends. As indicated by an arrow c, the wheel loader
100 moves forward to the dump truck, stops short of the
dump truck, loads the scooped soil or the like onto the
dump truck, and as indicated by an arrow d, the wheel
loader 100 moves backward to the original position. The
above is a basic operation of the V-shape loading meth-
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od.

[0036] In the excavation work as shown in FIG. 6, the
accelerator pedal 52 may be released and stepped on
repeatedly and alternately with the bucket 112 dug into
the mound while the control lever 31, such as the arm
control lever or the bucket control lever, is being operated
so as to fill the bucket 112 with the soil or the like. How-
ever, the engine output torque may become insufficient
to drive a front work device configured by including the
arm 111 and the bucket 112 when operating the control
lever 31, such as the arm control lever or the bucket con-
trol lever, in a state where the accelerator pedal 52 is
eased off, and as a result, the engine may be stalled.
[0037] In the present embodiment, in order to prevent
the engine stall attributable to operation of the control
lever 31 when easing off on the accelerator pedal 52
during the excavation work, the rotation speed of the en-
gine 1 is controlled as described below.

[0038] As shown in FIG. 2, the controller 10 includes
a target rotation speed correction unit 10b, embodied as
afunctional unit. The target rotation speed correction unit
10b corrects the target engine rotation speed Nt set by
the target rotation speed setting unit 10a to be increased
based on the torque converter speed ratio e when the
pedal operation amount S of the accelerator pedal 52 is
smaller than the predetermined value Sa and the torque
converter speed ratio e calculated by the controller 10 is
less than a predetermined value e1 which falls in a range
equal to or greater than 0 and less than 1.

[0039] FIG. 7 shows relationship between the torque
converter speed ratio e and an increase amount AN in
the rotation speed. As shown in FIG. 7, AN is 0 when the
torque converter speed ratio e is equal to or greater than
the predetermined value e1 (for example, 0.8) (e > e1)
which falls in the range equal to or greater than 0 and
less than 1. The rotation speed increase amount AN in-
creases from 0 to an upper limit value ANAmax (for ex-
ample, 100 rpm) in proportion to decrease in the torque
converter speed ratio e when the torque converter speed
ratio e is within the range equal to or greater than 0 and
less than e1 (0<e<e1). The characteristic shown in FIG.
7 is stored in advance in the ROM or the RAM in the
controller 10. The target rotation speed correction unit
10b corrects the target engine rotation speed Nt so as to
increase the rotation speed by a greater extent as the
load is greater by increasing the increase amount in the
target engine rotation speed Nt with decrease in the
torque converter speed ratio e in accordance with the
characteristic as shown in FIG. 7. In the present descrip-
tion, it is to be noted that a state in which the torque
converter speed ratio e is equal to or greater than e1
(e>e1) is defined as a normal state, whereas a state in
which the torque converter speed ratio e is within the
range which is equal to or greater than 0 and less than
e1(0<e<e1)isdefined as aload increase state. In acom-
bined stall state during the excavation work, the torque
converter speedratio eis extremely close to 0. The torque
converter speed ratio e during a forward travel on an

10

15

20

25

30

35

40

45

50

55

uphill is greater than the torque converter speed ratio e
during the excavation work but still smaller than e1.
[0040] FIG. 8 shows relationship between the pedal
operation amount S of the accelerator pedal 52 and the
target engine rotation speed Nt. In FIG. 8, in a range of
the pedal operation amount S of the accelerator pedal
52 which is equal to or greater than 0 and less than Sa,
a characteristic in the normal state is indicated by a bro-
ken line and a corrected characteristic (with a maximum
value Loamax) by which the target engine rotation speed
Nt is increased in the load increase state is indicated by
a solid line.

[0041] As shown in FIG. 8, a low idle rotation speed
Lo which corresponds to the target engine rotation speed
Nt when the accelerator pedal is not depressed (i.e., the
pedal operation amount S = 0) is set to Lon (for example,
900 rpm) if the wheel loader 100 is in the normal state,
that is, the torque converter speed ratio e is equal to or
greater than the predetermined value e1.

[0042] The low idle rotation speed Lo which corre-
sponds to the target engine rotation speed Nt when the
accelerator pedal is not depressed (i.e., the pedal oper-
ation amount S = 0) is corrected to a predefined value in
a range equal to or greater than Lon and equal to or
smaller than Loamax if the wheel loader 100 is in the load
increase state, that is, the torque converter speed ratio
e is equal to or greater than 0 and less than e1.For in-
stance, the low idle rotation speed Lo is corrected to
Loamax (for example, 1000 rpm) by adding ANAmax (for
example, 100 rpm) to the rotation speed Lon (for exam-
ple, 900 rpm) set by the target rotation speed setting unit
10a (Loamax = Lon + ANAmax) in a torque converter
stall state (the torque converter speed ratio e = 0).
[0043] FIG. 9 is a travel performance diagram (torque
diagram) representing relation between the engine rota-
tion speed and torque. In the figure, a characteristic f1
represents an engine output torque, and characteristics
f2 (CO, C1) represent input torque of the torque converter
2 when the torque converter speed ratio e is 0 and ef1,
respectively. In the figure, a characteristic fn (indicated
by a broken line) represents an engine output torque
when the low idle rotation speed Lo = Lon, and a char-
acteristic fa (indicated by a broken line) represents an
engine output torque when the low idle rotation speed Lo
is increased by the maximum increase amount ANAmax,
that is, when the low idle rotation speed Lo = Loamax.
[0044] The torque converter input torque increases in
proportion to a square of the rotation speed Ni of the
torque converter input shaft, and the torque converter
input torque decreases as the torque converter speed
ratio e becomes greater. Intersections of the character-
istic f1 and the characteristics f2 (C0O, C1) are designated
as matching points, and when the vehicle is traveling,
the engine output torque and the torque converter input
torque are at the values of the matching points. Expla-
nation will be given below with a torque converter stall
state (the torque converter speed ratio e = 0) as a rep-
resentative example. In FIG. 9, the matching point shifts
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from MP1 to MP2 if the low idle rotation speed Lo is in-
creased by the maximum increase amount ANAmax.
[0045] As shown in FIG. 9, a torque converter input
torque TAi at the matching point MP2 in the low idle ro-
tation speed Lo = Loamax is greater than a torque con-
verter input torque TNi at the matching point MP1 in the
low idle rotation speed Lo = Lon. On the other hand, an
engine output torque TAo with the low idle rotation speed
Lo =Loamax s greater than an engine output torque TNo
with the low idle rotation speed Lo = Lon.

[0046] As shown in FIG. 9, an extent of rising (TAi -
TNi) by which the torque converter input torque is in-
creased when the low idle rotation speed Lo is increased
by the maximum increase amount ANAmax is smaller
than an extent of rising (TAo - TNo) by which the engine
output torque is increased. Thus, a pump absorption
torque that can be used in a hydraulic circuit of excavation
system can be increased by correcting and increasing
the low idle rotation speed Lo. In other words, the pump
absorption torque Tpa (= TAo - TAi)in the low idle rotation
speed Lo = Loamax after increase correction is larger
than the pump absorption torque Tpn (= TNo - TNi) with
the low idle rotation speed Lo = Lon in the normal state.
[0047] FIG. 10 shows relationship between a vehicle
creep speed and a travel driving force. In FIG. 10, a char-
acteristic N shows a driving performance when the vehi-
cle creeps or travels slowly at the low idle rotation speed
Lo =Lon, and a characteristic A shows a driving perform-
ance when the vehicle creeps at the low idle rotation
speed Lo = Loamax, with both of the characteristics rep-
resent characteristics at the second speed as an exam-
ple. As shown in FIG. 10, the travel driving force is larger
at a lower speed (low-speed-high-torque), and the travel
driving force is smaller at a faster speed (high-speed-
low-torque) for both of the characteristics N and A.
[0048] As shown in FIG. 10, in a range of the vehicle
speed which is equal to or greater than 0 and smaller
than VLo1, the travel driving force at a time of creeping
with the low idle rotation speed Lo corrected and in-
creased (hereafter, it may be simply referred to as "with
correction") is larger than the travel driving force at a time
of creeping in the normal state (without correction), and
a difference therebetween becomes smaller as the ve-
hicle speed increases. The difference between the travel
driving forces is the greatest at a time of stall, and a travel
driving force Fa with correction, for instance, is approxi-
mately 1.2 times greater than a travel driving force Fn in
the normal state. The characteristic N and the character-
istic A coincide with one another when the vehicle speed
is equal to or greater than VLo1 and equal to or smaller
than VLo, and a maximum vehicle speed when creep
traveling is a predetermined value VLo for both of the
characteristics N and A. The characteristic N and the
characteristic A match with one another in the range of
the vehicle speed equalto or greaterthan VLo1 and equal
to or smaller than VLo because the rotation speed in-
crease amount AN is 0 when the torque converter speed
ratio e is equal to or larger than e1 as shown in FIG. 7.
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[0049] Targetrotation speed correction control will now
be explained with reference to a flowchart of FIG. 11.
[0050] FIG. 11 is a flowchart that shows operation of
engine rotation speed increase correction process in the
engine control device according to the first embodiment
ofthe presentinvention. A program enabling the process-
ing shown in FIG. 11 is started up as an ignition switch
(not shown) is turned on, and the processing is subse-
quently executed repeatedly by the controller 10.
[0051] In the description, "ignition on" refers to an ac-
tion of turning on the ignition key and operating it to an
operating position, and "ignition off’ refers to an action of
operating the ignition key to a stopping position.

[0052] Instep S100,information onthe pedal operation
amount S of the accelerator pedal 52 detected by the
accelerator operation amount detector 52a, information
on the rotation speed Ni of the input shaft of the torque
converter 2 detected by the rotation speed detector 14
and information on the rotation speed No of the output
shaft of the torque converter 2 detected by the rotation
speed detector 15 are obtained, and then the processing
proceeds to step S110.

[0053] In step S110, the target rotation speed setting
unit 10a calculates the target engine rotation speed Nt
corresponding to the pedal operation amount S detected
by the accelerator operation amount detector 52a based
on the characteristic shown in FIG. 4 which is stored in
advance in the ROM or the RAM in the controller 10, and
then the processing proceeds to step 120.

[0054] In step 120, the controller 10 calculates the
torque converter speed ratio e by using the signals from
the rotation speed detectors 14 and 15, and then the
processing proceeds to step S130.

[0055] In step S130, it is determined whether or not
the pedal operation amount S obtained in step S100 is
smaller than the predetermined threshold value Sa. If
affirmative decision is made in step S130, the processing
proceeds to step S140 and correction process for in-
creasing the target engine rotation speed Nt based on
the torque converter speed ratio e is executed (step S140
to step S170) as described later. If negative decision is
madein step S130, the processing proceeds to step S180
without correcting the target engine rotation speed Nt.
[0056] In step S180, the controller 10 outputs the con-
trol signal to the engine controller 9 so as to control the
actual rotation speed Na of the engine 1 to the target
engine rotation speed Nt. If negative decision is made in
step S130, the actual rotation speed Na of the engine 1
is controlled to the target engine rotation speed Nt cor-
responding to the pedal operation amount S of the ac-
celerator pedal 52 set by the target rotation speed Nt
(see FIG. 4) in step S180.

[0057] If it is determined in step S130 that the pedal
operation amount S is smaller than the threshold value
Sa, the target rotation speed correction unit
10bcalculates in step S140 the rotation speed increase
amount AN for correction according to the torque con-
verter speed ratio e based on the predefined character-
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istic in FIG. 7. In step S150, the target rotation speed
correction unit 10b adds AN obtained in step S140 to the
target engine rotation speed Nt calculated in step S110
and sets the calculated value as a new target engine
rotation speed Nt, and then the processing proceeds to
step S160. In other words, in step S150, the target engine
rotation speed Nt calculated in step S110 is corrected to
be increased.

[0058] In step S160, it is determined whether or not
the reset, that is, corrected target engine rotation speed
Nt is larger than the maximum low idle rotation speed
Loamax. If affirmative decision is made in step S160, the
processing proceeds to step S170, whereas the process-
ing proceeds to step S180 if negative decision is made.
[0059] In step S170, the maximum low idle rotation
speed Loamax is set as the target engine rotation speed
Nt. In other words, the maximum value of the target en-
gine rotation speed Nt is limited to the maximum low idle
rotation speed Loamax when the pedal operation amount
S of the accelerator pedal 52 is equal to or greater than
0 and less than Sa.

[0060] In step S180, the controller 10 outputs the con-
trol signal to the engine controller 9 so as to control the
actual rotation speed Na of the engine 1 to the target
engine rotation speed Nt as described above. If affirma-
tive decision is made in step S130, the actual rotation
speed Na of the engine 1 is controlled to the target rota-
tion speed Nt (see FIG. 8) corrected by the target rotation
speed correction unit 10b in step 180.

[0061] Theoperationsinthe firstembodimentare sum-
marized below. During the excavation work, the operator
switches the forward/reverse switching over switch 17 to
the forward position and steps on the accelerator pedal
52 to generate the travel driving force corresponding to
the pedal operation amount S so as to allow the wheel
loader 100 to move toward the mound 130. The traveling
load increases and the torque converter speed ratio e
decreases as the bucket 112 is dug into the mound 130.
[0062] When the accelerator pedal 52 is eased off or
operated in a release direction while the bucket 112 is
dug into the mound 130, the target engine rotation speed
Nt decreases. At this time, if the torque converter speed
ratio e is smaller than the predetermined value e1, the
rotation speed increase amount AN according to the
characteristic as shown in FIG. 7 is added to the target
engine rotation speed Nt according to the characteristic
as shown in FIG. 4. As shown in FIG. 8, the engine ro-
tation speed is corrected so that the target engine rotation
speed Nt which is set according to the pedal operation
amount S in the normal state is increased by AN, and the
engine controller 9 controls the actual engine rotation
speed Na to the corrected target engine rotation speed
Nt (step S130 to step S180). In this manner, it is possible
to prevent the actual engine rotation speed Lo from being
reduced to Lon when the accelerator pedal 52 is eased
off while the bucket 112 is dug into the mound 130.
[0063] As a result, the engine output torque is raised
as shown in FIG. 9 so that it is possible to prevent the
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engine stall even if the front work device is activated in
response to the operation of the control lever 31 after the
accelerator pedal 52 is eased off with the bucket 112 dug
into the mound 130.

[0064] The following operational effects can be
achieved through the first embodiment described above.

(1) The controller 10 corrects and increases the tar-
get engine rotation speed Nt set according to the
pedal operation amount S of the accelerator pedal
52 when the operation amount S of the accelerator
pedal 52 is smaller than the predetermined value Sa
and the torque converter speed ratio e is smaller
than the predetermined value e1 set within the range
equalto or greater than 0 and less than 1. Therefore,
the engine stall can be prevented from occurring
even when the control lever 31 is operated after the
accelerator pedal 52 is eased off while the bucket
12 is dug into the mound, and thus the front work
device, such as the bucket 112 and the arm 111, can
be driven smoothly.

(2) Furthermore, since the target engine rotation
speed Nt is corrected to be increased when the ac-
celerator pedal 52 is eased off while traveling on an
uphill, it is possible to prevent the engine stall from
occurring.

(3) If the torque converter speed ratio e is below e1
while the accelerator pedal 52 is not stepped on (S
= 0), the low idle rotation speed Lo is increased by
AN corresponding to the torque converter speed ratio
e so as to improve the travel performance (or in-
crease the driving force). Therefore, it is possible to
prevent the vehicle from rolling back on an uphill by
allowing the vehicle to slowly move forward at the
low idle rotation speed Lo or by stopping the vehicle.
In other words, it is not necessary to slightly depress
the accelerator pedal 52 in order to keep the vehicle
from rolling back on an uphill. That is, since it is not
necessary to operate the accelerator pedal 52 a
number of times to perform the work on an uphill
while traveling at a slow speed, the drive operation
on an uphill is facilitated.

[0065] On the other hand, with a conventional technol-
ogyinwhich the lowidle rotation speed Lo is not corrected
based on the pedal operation amount S of the accelerator
pedal 52 and the torque converter speed ratio e, the ac-
celerator pedal 52 has to be stepped on minutely in order
to allow the vehicle to travel forward at a slow speed or
to stop the vehicle with the low idle rotation speed. As a
result, with the conventional technology, the number of
times of operating the accelerator pedal 52 tends to in-
crease, causing the drive operation on an uphill to be
complicated.

[0066] (4) In the present embodiment, since the low
idle rotation speed Lo is raised only when the pedal op-
eration amount S of the accelerator pedal 52 is less than
the threshold value Sa in the load increase state (the
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torque converter speed ratio e is below e1), it is possible
to prevent undesired increase in the creep speed when,
for instance, creeping on a level ground.

[0067] If, on the other hand, it is configured such that
the low idle rotation speed Lo is raised regardless of the
torque converter speed ratio e, the creep speed may be
increased in an undesired manner, and thus, a brake
pedal (not shown) has to be operated to keep the vehicle
to travel at a slow speed. In such a case, the operator is
required to perform onerous, troublesome operations,
causing the operator to fatigue.

[0068] (5) Thelowidle rotation speed is setto be higher
as the torque converter speed ratio e is smaller. In this
manner, the low idle rotation speed is increased by a
greater extent as an angle of slope at an uphill is greater,
and as a result, it is possible to prevent the creep speed
from becoming too fast on a gentle upslope and also to
prevent the vehicle from rolling back on a steep uphill.
By increasing the low idle rotation speed by a greater
extent as the torque converter speed ratio e is smaller
during the excavation work, it is ensured that the engine
stall attributable to operations at the front work device
can be prevented.

SECOND EMBODIMENT

[0069] An engine control device according to a second
embodiment will now be explained with reference to
FIGS. 12 to 14. In the figures, members identical to or
equivalent to the members described in the first embod-
iment are assigned with the same reference numerals
as the first embodiment, and the following explanation
will focus on the differences from the first embodiment.
[0070] FIG. 12 shows a schematic diagram of a control
system of the wheel loader equipped with the engine con-
trol device according to the second embodiment of the
presentinvention. As shownin FIG. 12, the wheel loader
equipped with the engine control device according to the
second embodiment further includes a pilot pressure
sensor 219 for detecting that the front work device has
been operated, in addition to the structure as described
in the first embodiment.

[0071] In the second embodiment, the target rotation
speed correction unit 10b corrects the target engine ro-
tation speed Nt set with the target rotation speed setting
unit 10a to be increased based on the torque converter
speed ratio e, further taking into account the operation
at the front work device detected by the pilot pressure
sensor 219.

[0072] A signal from the pilot pressure sensor 219 is
input to the controller 10. The pilot pressure sensor 219
detects a pilot pressure p indicating the lever operation
amount L of the control lever 31 and outputs alever signal
to the controller 10. It is to be noted that although the
pilot pressure sensor 219 is provided for each of the arm
control lever and the bucket control lever which are rep-
resented as the control lever 31, FIG. 2 shows only one
pilot pressure sensor 219 provided for one of the control
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levers as a representative example.

[0073] FIG. 13 shows relationship between lever op-
eration amount L of the control lever and pilot pressure
p. The controller 10 determines whether or not the pilot
pressure p is equal to or greater than a predetermined
value p1 based on the signal from the pilot pressure sen-
sor219. The predetermined value p1is defined as avalue
in a range which is equal to or greater than 0 and equal
to or smaller than pa as shown in FIG. 13, and is stored
in advance in the ROM or the RAM in the controller 10
as a threshold value for judging that the front work device
has been operated.

[0074] FIG. 14 is a flowchart that shows operation of
engine rotation speed increase correction process exe-
cuted in the engine control device according to the sec-
ond embodiment of the presentinvention, and in the flow-
chart, step S235 is added to the flowchart shown in FIG.
11 and step S100 in the flowchart in FIG. 11 is replaced
with step S200.

[0075] In the second embodiment, as shown in FIG.
14, information on the pilot pressure p detected by the
pilot pressure sensor 219 is obtained in step S200, in
addition to the information on the pedal operation amount
S of the accelerator pedal 52 detected by the accelerator
operation amount detector 52a, the information on the
rotation speed Ni of the input shaft of the torque converter
2 detected by the rotation speed detector 14, and the
information on the rotation speed No of the output shaft
of the torque converter 2 detected by the rotation speed
detector 15, and then the processing proceeds to step
S110.

[0076] If affirmative decision is made in step S130 as
described in the first embodiment, the processing pro-
ceeds to step S235. In step S235, itis determined wheth-
er or not the pilot pressure p is equal to or greater than
p1. If affirmative decision is made in step S235, the
processing proceeds to step S140 in which the process
for correcting the target engine rotation speed Nt to be
increased based on the torque converter speed ratio e
is executed as explained in the first embodiment (step
S140 to step S170). If negative decision is made in step
S235, the processing proceeds to step S180 without cor-
recting the target engine rotation speed Nt.

[0077] According to the second embodiment, the fol-
lowing advantage (6) is achieved in addition to the ad-
vantages (1) and (4) achieved in the first embodiment.
(6) Since the target engine rotation speed Nt is increased
only when the operation of the front work device is de-
tected, a frequency with which the actual engine rotation
speed Na is increased can be reduced to the minimum
necessary number and fuel consumption can be re-
duced.

THIRD EMBODIMENT
[0078] An engine control device according to a third

embodiment will now be explained with reference to
FIGS. 15 to 18. In the figures, members identical to or
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equivalent to the members described in the first embod-
iment are assigned with the same reference numerals
as the first embodiment, and the following explanation
will focus on the differences from the first embodiment.
The wheelloader equipped with the engine control device
according to the third embodiment includes the same
structure as that of the first embodiment (see FIGS. 1
and 2).

[0079] FIG. 15 shows characteristics of the rotation
speed increase amount AN according to the torque con-
verter speed ratio e stored in the ROM or the RAM in the
controller 10 of the engine control device according to
the third embodiment of the present invention. In FIG.
15, the characteristic of the rotation speed increase
amount AN corresponding to the torque converter speed
ratio e as described in the first embodiment is indicated
by a two-dot chain line.

[0080] In the first embodiment, the characteristic of AN
is such that AN increases from 0 to the upper limit value
ANAmax (for example, 100 rpm) in proportion to de-
crease in the torque converter speed ratio e in the range
of the torque converter speed ratio e which is equal to or
greater than 0 and less than e1 (0<e<e1). In the second
embodiment, as indicated in FIG. 15, AN is 0 when the
torque converter speed ratio e is equal to or greater than
e1, and AN increases from 0 to an upper limit value
ANBmax (for example, 50 rpm) in proportion to decrease
in the torque converter speed ratio e when the torque
converter speed ratio e is equal to or greater than e2 and
less than e1 (e2<e<e1). The rotation speed increase
amount AN is at the maximum value ANBmax when the
torque converter speed ratio e is equal to or greater than
0 and less than e2 (for example, 0.7) (0<e<e2).

[0081] FIG. 16 shows relationship between the pedal
operation amount S of the accelerator pedal 52 and the
target engine rotation speed Nt. In FIG. 16, in a range of
the pedal operation amount S of the accelerator pedal
52 which is equal to or greater than 0 and less than Sb,
a characteristic in the normal state is indicated by a bro-
ken line and a corrected characteristic (with a maximum
value Lobmax) by which the target engine rotation speed
Nt is increased in the load increase state is indicated by
a solid line. In FIG. 16, the maximum low idle rotation
speed Loamax after increase correction as explained in
the first embodiment is indicated by a two-dot chain line.
[0082] AsshowninFIG. 16, if the wheel loader 100 is
in the normal state, that is, if the torque converter speed
ratio e is equal to or greater than the predetermined value
e1, the low idle rotation speed Lo which corresponds to
the target engine rotation speed Nt when the pedal is not
operated (the pedal operation amount S = 0) is setto Lon
(for example, 900 rpm).

[0083] Inthe case where the wheel loader 100 is in the
load increase state, that is, the torque converter speed
ratio e is equal to or greater than 0 and less than e1, the
low idle rotation speed Lo which corresponds to the target
engine rotation speed Nt when the pedal is not stepped
on (the pedal operation amount S = 0) is set to a prede-
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fined value within a range equal to or greater than Lon
and equal to or smaller than Lobmax. For instance, the
low idle rotation speed Lo is corrected to Lobmax (for
example, 950 rpm) calculated by adding ANBmax (for
example, 50 rpm) to the rotation speed Lon (for example,
900 rpm) set by the target rotation speed setting unit 10a
(Lobmax = Lon + ANBmax) in the torque converter stall
state (the torque converter speed ratio e = 0).

[0084] FIG. 17 isatravel performance diagram (torque
diagram) representing relation between the engine rota-
tion speed and torque. In the figure, a characteristic f1
represents an engine output torque, and characteristics
f2 (CO, C1, C2) represent input torque of the torque con-
verter 2 when the torque converter speed ratio e is 0, e1
and e2, respectively. In the figure, a characteristic fn (in-
dicated by a broken line) represents an engine output
torque when the low idle rotation speed Lo = Lon, and a
characteristic fb (indicated by a broken line) represents
an engine output torque when the low idle rotation speed
Lo is increased by the maximum increase amount
ANBmax, that is, when the low idle rotation speed Lo =
Lobmax. It is to be noted that the characteristic fa repre-
senting the engine output characteristic with the maxi-
mum low idle rotation speed Loamax after increase cor-
rection as described in the first embodiment is indicated
by a two-dot chain line in FIG. 17.

[0085] Explanation will be given below with the torque
converter stall state (torque converter speed ratio e = 0)
as a representative example. In FIG. 17, the matching
point is shifted from MP1 to MP3 when the low idle rota-
tion speed Lo is increased by the maximum increase
amount ANBmax.

[0086] As shown in FIG. 17, a torque converter input
torque TBi at the matching point MP3 with the low idle
rotation speed Lo = Lobmax is greater than a torque con-
verter input torque TNi at the matching point MP1 with
the low idle rotation speed Lo = Lon. On the other hand,
an engine output torque TBo in the low idle rotation speed
Lo =Lobmax s greater than an engine output torque TNo
in the low idle rotation speed Lo = Lon.

[0087] However, as shown in FIG. 17, an extent of ris-
ing (TBi - TNi) by which the torque converter input torque
is increased when the low idle rotation speed Lo is in-
creased by the maximum increase amount ANBmax is
smaller than an extent of rising (TBo - TNo) by which the
engine output torque is increased. Thus, a pump absorp-
tion torque that can be used in a hydraulic circuit of ex-
cavation system can be increased by correcting and in-
creasing the low idle rotation speed Lo. In other words,
the pump absorption torque Tpb (= TBo - TBi) in the low
idle rotation speed Lo = Lobmax after increase correction
is larger than the pump absorption torque Tpn (= TNo -
TNi) with the low idle rotation speed Lo=Loninthe normal
state.

[0088] FIG, 18 shows relationship between the vehicle
creep speed and the travel driving force. In FIG. 18, a
characteristic N shows a driving performance when the
vehicle creeps at the low idle rotation speed Lo = Lon,
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and a characteristic B shows a driving performance when
the vehicle creeps at the low idle rotation speed Lo =
Lobmayx, with both of the characteristics represent char-
acteristics at the second speed as an example. Itis to be
noted that in FIG. 18, the characteristic A representing
when the vehicle creeps at the low idle rotation speed Lo
= Loamax is indicated by a two-dot chain line. As shown
in FIG. 18, the travel driving force is larger at a lower
speed (low-speed-high-torque), and the travel driving
force is smaller at a faster speed (high-speed-low-torque)
for both of the characteristics N and B.

[0089] As shown in FIG. 18, the travel driving force at
a time of creep traveling with the low idle rotation speed
Lo corrected and increased is larger than the travel driv-
ing force at a time of creep traveling in the normal state
(without correction). As to the difference between the
travel driving forces, for instance at a time of stall (the
vehicle speed v = 0), a travel driving force Fb with cor-
rection is approximately 1.1 times greater than a travel
driving force Fn in the normal state. A maximum vehicle
speedwhen creep travelingis a predetermined value VLo
for both of the characteristics N and B. The characteristic
B corresponds with the characteristic of the rotation
speed increase amount AN depending on the torque con-
verter speed ratio e as shown in FIG. 15. When the ve-
hicle speed is equal to or greater than VLo1 and equal
to or less than VLo, the characteristic B and the charac-
teristic N coincide with one another. In a range of the
vehicle speed which is equal to or greater than VLo2 and
less than VLo1, the travel driving force of the character-
istic B becomes greater as the vehicle speed decreases,
as compared with the characteristic N. In a range of the
vehicle speed which is equal to or greater than 0 and less
than VLo2, the traveling drive force of the characteristic
B is larger than the characteristic N by a constantamount.
[0090] In the third embodiment, in place of step S130
in the flowchart of FIG. 11, it is determined whether or
not correction based on the torque converter speed ratio
e is to be executed by judging whether the accelerator
pedal operation amount S is less than Sb or not.

[0091] In the third embodiment, the increase amount
AN for the target engine rotation speed Nt is increased
as the torque converter speed ratio e decreases accord-
ing to the characteristic shown in FIG. 15, in place of the
characteristic shown in FIG. 7 in the first embodiment.
Even if the rotation speed increase amount AN is set to
be constant when the torque converter speed ratio e is
equal to or greater than 0 and less than e2 in the third
embodiment, the advantages (1) to (4) can be achieved
as in the first embodiment.

FOURTH EMBODIMENT

[0092] An engine control device according to a fourth
embodiment will now be explained with reference to FIG.
19. In the figure, members identical to or equivalent to
the members in the third embodiment are assigned with
the same reference numerals as those in the third em-
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bodiment, and the following explanation will focus on the
differences from the third embodiment. The wheel loader
equipped with the engine control device according to the
fourth embodiment includes the structure as described
inthe third embodiment (see FIGS. 1 and 2). Inthe engine
control device according to the fourth embodiment, the
target engine rotation speed Ntis corrected by increasing
the increase amount AN in the target engine rotation
speed Ntasthetorque converter speed ratio e decreases
in accordance with the characteristic indicated in FIG. 15
as described in the third embodiment.

[0093] FIG. 19 shows time charts illustrating operation
for stopping the wheel loader that is creeping or traveling
slowly and operation for creep starting the vehicle that is
in the stopped state, with the wheel loader equipped with
the engine control device according to the fourth embod-
iment of the present invention.

[0094] In the fourth embodiment, if the target engine
rotation speed Ntis corrected by the target rotation speed
correction unit 10b, the controller 10 gradually increases
the actual rotation speed Na of the engine 1 toward the
target engine rotation speed Nt corrected by the target
rotation speed correction unit 10b. If, after the target en-
gine rotation speed Nt is corrected by the target rotation
speed correction unit 10b, the target engine rotation
speed Nt according to the pedal operation amount S at
the accelerator pedal 52, that is, a target engine rotation
speed without correction, is set again by the target rota-
tion speed setting unit 10a, the controller 10 decreases
the actual rotation speed Na of the engine 1 immediately
to the target engine rotation speed Nt set by the target
rotation speed setting unit 10a.

[0095] Explanation will be given in more specific terms
inreferenceto FIG. 19.FIG. 19(a) is a schematic diagram
showing a time series variation in the target engine rota-
tion speed Nt, and FIG. 19(b) is a schematic diagram
showing a time series variation in the vehicle speed. Al-
though not shown in the figures, the actual rotation speed
Na of the engine 1 varies following the target engine ro-
tation speed Nt set by the target rotation speed setting
unit 10a.

[0096] The wheel loader 100 creeps or travels slowly
at the low idle rotation speed Lo = Lon and the vehicle
speed VLo from a time point 0 to a time point t1. In the
case where a brake pedal (not shown) is operated so as
to activate awell-known service brake device (not shown)
from the time point t1 to a time point t5, the target engine
rotation speed Nt is set to Lon from the time point t1 to
atime point t2. When the torque converter speed ratio e
becomes less than e1 at the time pointt2 due to increase
in the traveling load caused by activation of the service
brake device, the target engine rotation speed Nt is cor-
rected to be increased.

[0097] Forinstance, ifthe torque converter speed ratio
e becomes less than e2 at the time point t2, the target
rotation speed correction unit 10b corrects the target en-
gine rotation speed Nt to Lobmax (Nt = Lobmax) by add-
ing ANBmax to the target rotation speed Nt set by the
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target rotation speed setting unit 10a.

[0098] At the time point t2, the target engine rotation
speed Nt is corrected or calculated to be Lobmax. As
shown in FIG. 19(a), the controller 10 sets the target en-
gine rotation speed Nt to be increased gradually toward
Lobmax over time (approximately over1 to 1.5 seconds)
so that the target engine rotation speed Nt reaches Lob-
max at a time point t4. The actual rotation speed Na of
the engine 1 is gradually raised toward the corrected tar-
get engine rotation speed Nt = Lobmax.

[0099] The vehicle speed decreases gradually from
the time point t1 to a time point t3 and becomes 0 at the
time point t3. The vehicle starts creeping upon release
of the brake pedal (not shown) at the time point t5. The
torque converter speed ratio e reaches e1 or more at the
time point t5, and the target engine rotation speed Nt is
set to the rotation speed Lon corresponding to the pedal
operation amount S = 0 of the accelerator pedal 52. The
controller 10 sets the target engine rotation speed Nt to
Lon at once at the time point t5 so as to decrease the
actual rotation speed Na of the engine 1 immediately to
Lon.

[0100] The vehicle speed increases smoothly from the
time point t5, and reaches a predetermined speed (the
creep speed maximum value VLo) at a time point t7.
[0101] FIG. 20 shows a comparison example to FIG.
19. As shown in the comparison example in FIG. 20, the
controller 10 instantly sets the target engine rotation
speed Nt to the corrected rotation speed Lbmax at the
time point t2.

[0102] In the case where the target engine rotation
speed Ntis set to the corrected, increased value at once
at the time point t2, the actual rotation speed Na of the
engine 1is increased sharply and decrease in the vehicle
speed is interrupted temporarily so that the vehicle will
be subjected to a great shock. Since the actual rotation
speed Na of the engine 1 rises abruptly, a stopping dis-
tance of the vehicle is prolonged and the vehicle stops
at the time point t4.

[0103] The torque converter speed ratio e becomes e1
or more at the time point t5, and thus, the target engine
rotation speed Ntis again set to the target engine rotation
speed Nt corresponding to the operation amount of the
accelerator pedal 52 at the time point t5. In the compar-
ison example, the target engine rotation speed Nt is set
to be decreased gradually over time from the corrected
target engine rotation speed Nt = Lobmax to the target
engine rotation speed Nt = Lon corresponding to the op-
eration amount of the accelerator pedal 52. As a result,
since the actual rotation speed Na decreases gradually,
the vehicle speed exceeds the creep vehicle speed VLo
and rises further (a time point t6), and then decreases
gradually toward the creep vehicle speed VLo.

[0104] According to the fourth embodiment, the follow-
ing advantages (7) and (8) are achieved in addition to
the advantages (1) to (4) as in the first embodiment.

(7) In the fourth embodiment, as shown in FIG. 19,
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in the case where the brake pedal (not shown) is
stepped on to stop the vehicle while creeping or
traveling slowly at the low idle rotation speed Lo =
Lon, the engine rotation speed gradually increases
overtime (approximately over 1 to 1.5 seconds) even
when the torque converter speed ratio e is reduced.
As a result, the operator will not feel a sense of dis-
comfort caused by change as the actual engine ro-
tation speed Naincreases. Inaddition, the travel driv-
ing force increases and changes smoothly, and thus,
a shock will not be applied to the vehicle (see FIG.
20).

(8) In the fourth embodiment, as shown in FIG. 19,
when starting the stopped wheel loader 100, the
brake pedal (not shown) is released so as to start
creep traveling, and then, once the torque converter
speed ratio e reaches the predetermined value e1
or more, the actual engine rotation speed Na is de-
creased immediately. In this manner, behavior in
which the vehicle speed is decreased after the creep
speed becomes too fast (see FIG. 20) is prevented,
and as a result, the vehicle speed can be increased,
that is, accelerated smoothly.

[0105] The present invention also includes the follow-
ing variations, and one or more of the variations can be
combined with any of the embodiments described above.

- VARIATIONS -
[0106]

(1) In the second embodiment described above, it is
determined whether or not the front work device is
operated based on the pilot pressure information
provided by the pilot pressure sensors 219 for de-
tecting operating pilot pressures at the arm control
lever and the bucket control lever represented as the
control lever 31, and the correction control of the
target engine rotation speed Nt is executed based
on the accelerator pedal operation amount S and the
torque converter speed ratio e when the pilot pres-
sure p becomes the predetermined value p1 or great-
er. However, the present invention is not limited to
this example.

[0107] For instance, a pump pressure sensor (not
shown) for detecting a pump discharge pressure Pp at
the hydraulic pump 11 may be provided so as to detect
that the front work device has been operated based on
the pump discharge pressure Pp input to the controller
10 from the pump pressure sensor, and the correction
control of the target engine rotation speed Nt may be
executed based on the accelerator pedal operation
amount S and the torque converter speed ratio e. In this
case, in place of step S200 in the flowchart in FIG. 14,
the information on the pedal operation amount S of the
accelerator pedal 52 detected by the accelerator opera-
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tion amount detector 52a, the information on the rotation
speed Ni of the input shaft of the torque converter 2 de-
tected by the rotation speed detector 14, the information
on the rotation speed No of the output shaft of the torque
converter 2 detected by the rotation speed detector 15,
and information on the pump pressure Pp detected by
the pump pressure sensor are obtained, and then the
processing proceeds to step S110.

[0108] Furthermore, in place of step S235 in the flow-
chartin FIG. 14, the controller 10 may execute processing
for judging whether or not the pump pressure Pp is equal
to or greater than a predetermined value Pp1, and if af-
firmative judgment is made, the processing proceeds to
step S140 whereas the processing proceeds to step
S180 if negative judgment is made. Here, the predeter-
mined value Pp1 (for instance, 5 MPa) is stored in ad-
vance in the ROM or the RAM in the controller 10 as a
threshold value representing that the front work device
has been operated.

(2) While in the embodiments described above, the
rotation speed increase amount AN is increased with
decrease in the torque converter speed ratio e when
the torque converter speed ratio eis equal to or great-
er than 0 and less than e1, the present invention is
not limited to this example. AN may be set as a fixed
value when the torque converter speed ratio e is with-
in a range which is equal to or greater than 0 and
less than e1.

(3) While in the embodiments described above, the
explanation was made by giving the wheel loader
100 including the arm 111 and the bucket 112 as the
front work device as an example of a work vehicle,
the present invention is not limited to this example
and other work vehicles such as a wheel excavator,
a forklift, a telehandler, or a lift truck may be given
as examples.

[0109] The explanation was given above in reference
to the embodiments and the variations, however, the
presentinvention is not limited to these examples. Other
aspects that can be considered within the scope of the
technical concept of the present invention are also in-
cluded within the scope of the present invention.

[0110] Reference is made to the following priority ap-
plication: Japanese Patent Application No. 2012-021749
filed February 3, 2012.

Claims

1. An engine control device for work vehicle, compris-
ing:

a target rotation speed setting unit (10a) that
sets a target rotation speed of an engine (1) cor-
responding to an operation amount of an accel-
erator pedal (52);
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a rotation speed control unit (10) that controls a
rotation speed of the engine (1) according to the
target rotation speed;

a travel driving unit (3, 4, 5) that transmits rota-
tion of the engine (1) to wheels (113, 123) via a
torque converter (2);

a speed ratio detection unit (14, 15) that detects
a speed ratio between an input shaft and an out-
put shaft of the torque converter (2); and

a target rotation speed correction unit (10b) that
corrects the target rotation speed set by the tar-
get rotation speed setting unit (10a) so as to in-
crease the target rotation speed based on the
speed ratio when the operation amount of the
accelerator pedal (52) is smaller than a prede-
termined value and the speed ratio detected by
the speed ratio detection unit (14, 15) is smaller
than a predetermined value within a range which
is equal to or greater than 0 and less than 1,
characterized in that:

when the target rotation speed is corrected
by the target rotation speed correction unit
(10b), the rotation speed control unit (10)
gradually increases the rotation speed of
the engine (1) toward the target rotation
speed corrected by the target rotation
speed correction unit (10b); and

when the target rotation speed setting unit
(10a) again sets the target rotation speed
thatis not corrected and corresponds to the
operation amount of the accelerator pedal
(52) after the target rotation speed was cor-
rected by the target rotation speed correc-
tion unit (10b), the rotation speed control
unit (10) immediately decreases the rotation
speed of the engine (1) to the target rotation
speed set by the target rotation speed set-
ting unit (10a).

An engine control device for work vehicle according
to claim 1, wherein:

the target rotation speed correction unit (10b) in-
creases an increase amount for increasing the target
rotation speed with decrease in the speed ratio.

An engine control device for work vehicle according
to claim 1 or claim 2, further comprising:

an operation detection unit (219) that detects that a
front work device has been operated, wherein:

the target rotation speed correction unit (10b) cor-
rects the target rotation speed set by the target ro-
tation speed setting unit (10a) so as to increase the
target rotation speed based on the speed ratio, tak-
ing into account operation of the front work device
detected by the operation detection unit (129).
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Patentanspriiche

Kraftmaschinensteuereinrichtung fir ein Arbeits-
fahrzeug, die Folgendes umfasst:

eine Solldrehzahleinstelleinheit (10a), die eine
Solldrehzahl einer Kraftmaschine (1), die einem
Betatigungsbetrag eines Fahrpedals (52) ent-
spricht, einstellt;

eine Drehzahlsteuereinheit (10), die eine Dreh-
zahl der Kraftmaschine (1) gemaR der Solldreh-
zahl einstellt;

eine Fahrantriebseinheit (3, 4, 5), die eine Dre-
hung der Kraftmaschine (1) mittels eines Dreh-
momentumsetzers (2) an Rader (113, 123)
Ubertragt;

eine Drehzahlverhaltnisdetektionseinheit (14,
15), die ein Drehzahlverhaltnis zwischen einer
Eingangswelle und einer Ausgangswelle des
Drehmomentumsetzers (2) detektiert; und

eine Solldrehzahlkorrektureinheit (10b), die die
Solldrehzahl, die durch die Solldrehzahleinstel-
leinheit (10a) eingestellt wurde, korrigiert, um
die Solldrehzahl auf der Grundlage des Dreh-
zahlverhaltnisses zu erhéhen, wenn der Betati-
gungsbetrag des Fahrpedals (52) kleiner als ein
vorgegebener Wertistund das Drehzahlverhalt-
nis, das durch die Drehzahlverhaltnisdetekti-
onseinheit (14, 15) detektiert wurde, kleiner als
ein vorgegebener Wert in einem Bereich ist, der
groRer oder gleich 0 und kleiner als 1 ist, da-
durch gekennzeichnet, dass

dann, wenn die Solldrehzahl durch die Solldreh-
zahlkorrektureinheit (10b) korrigiert wird, die
Drehzahlsteuereinheit (10) die Drehzahl der
Kraftmaschine (1) allmahlich auf die durch die
Solldrehzahlkorrektureinheit (10b) korrigierte
Solldrehzahl erhoht; und

dann, wenn die Solldrehzahleinstelleinheit
(10a) die Solldrehzahl, die nicht korrigiert ist und
dem Betatigungsbetrag des Fahrpedals (52)
entspricht, erneut einstellt, nachdem die Soll-
drehzahl durch die Solldrehzahlkorrektureinheit
(10b) korrigiert worden ist, die Drehzahlsteuer-
einheit (10) die Drehzahl der Kraftmaschine (1)
unmittelbar auf die durch die Solldrehzahlein-
stelleinheit (10a) eingestellte Solldrehzahl ver-
ringert.

2. Kraftmaschinensteuereinrichtung fiir ein Arbeits-

fahrzeug nach Anspruch 1, wobei

die Solldrehzahlkorrektureinheit (10b) einen Erho-
hungsbetrag zum Erhéhen der Solldrehzahl mit der
Verringerung des Drehzahlverhaltnisses erhéht.

Kraftmaschinensteuereinrichtung fir ein Arbeits-
fahrzeug nach Anspruch 1 oder Anspruch 2, die fer-
ner Folgendes umfasst:

10

20

25

30

35

40

45

50

55

14

eine Betatigungsdetektionseinheit (219), die detek-
tiert, dass eine vordere Arbeitseinrichtung betatigt
worden ist, wobei:

die Solldrehzahlkorrektureinheit (10b) die Solldreh-
zahl, die durch die Solldrehzahleinstelleinheit (10a)
eingestellt worden ist, korrigiert, um die Solldrehzahl
auf der Grundlage des Drehzahlverhaltnisses unter
Berucksichtigung einer Betatigung der vorderen Ar-
beitseinrichtung, die durch die Betatigungsdetekti-
onseinheit (129) detektiert worden ist, zu erhéhen.

Revendications

Dispositif de commande de moteur pour véhicule de
chantier, comprenant :

une unité de détermination de vitesse de rotation
cible (10a) qui détermine une vitesse de rotation
cible d’'un moteur (1) correspondant a une am-
plitude d’actionnement d’'une pédale d’accélé-
ration (52) ;

une unité de commande de vitesse de rotation
(10) qui commande une vitesse de rotation du
moteur (1) en accord avec la vitesse de rotation
cible ;

une unité d’entrainement de déplacement (3, 4,
5) qui transmet la rotation du moteur (1) aux
roues (113, 123) via un convertisseur de couple
(2;

une unité de détection de rapport de vitesse (14,
15) qui détecte un rapport de vitesse entre un
arbre d’entrée et un arbre de sortie du conver-
tisseur de couple (2) ; et

une unité de correction de vitesse de rotation
cible (10b) qui corrige la vitesse de rotation cible
déterminée par l'unité de détermination de vi-
tesse de rotation cible (10a) de maniére a aug-
menter la vitesse de rotation cible sur la base
du rapport de vitesse quand I'amplitude d’ac-
tionnement de la pédale d’accélération (51) est
inférieure a une valeur prédéterminée et que le
rapport de vitesse détecté par 'unité de détec-
tion de rapport de vitesse (14, 15) est inférieur
a une valeur prédéterminée a lintérieur d’'une
plage qui est égale ou supérieure a 0 et inférieu-
re a 1, caractérisé en ce que :

quand la vitesse de rotation cible est corri-
gée par l'unité de correction de vitesse de
rotation cible (10b), 'unité de commande de
vitesse de rotation (10) augmente graduel-
lement la vitesse de rotation du moteur (1)
jusqu’a la vitesse de rotation cible corrigée
par I'unité de correction de vitesse de rota-
tion cible (10b); et

quand l'unité de détermination de vitesse
de rotation cible (10a) détermine a nouveau
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la vitesse de rotation cible qui n’est pas cor-
rigée et qui correspond a 'amplitude d’ac-
tionnement de la pédale d’accélération (52)
aprés que la vitesse de rotation cible a été
corrigée par I'unité de correction de vitesse
de rotation cible (10b), I'unité de commande
de vitesse de rotation (10) diminue immé-
diatement la vitesse de rotation du moteur
(1) jusqu’a la vitesse de rotation cible déter-
minée par I'unité de détermination de vites-
se de rotation cible (10).

Dispositif de commande de moteur pour véhicule de
chantier selon la revendication 1, dans lequel :
I'unité de correction de vitesse de rotation cible (10b)
augmente une amplitude d’augmentation pour aug-
menter la vitesse de rotation cible avec la diminution
dans le rapport de vitesse.

Dispositif de commande de moteur pour véhicule de
chantier selon la revendication 1 ou 2, comprenant
en outre :

une unité de détection de fonctionnement (219) qui
détecte qu’un dispositif de travail avant a été mis en
fonctionnement, dans lequel :

I'unité de correction de vitesse de rotation cible (10b)
corrige la vitesse de rotation cible déterminée par
'unité de détermination de vitesse de rotation cible
(10a) de maniere a augmenter la vitesse de rotation
cible sur la base du rapport de vitesse, en tenant
compte du fonctionnement du dispositif de travail
avant détecté par I'unité de détection de fonctionne-
ment (129).
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